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We propose a variant scenario of spontaneous baryogenesis from asymmetric inﬂaton based on current–
current interactions between the inﬂaton and matter ﬁelds with a non-zero B − L charge. When the 
inﬂaton starts to oscillate around the minimum after inﬂation, it may lead to excitation of a CP-odd 
component, which induces an effective chemical potential for the B − L number through the current–
current interactions. We study concrete inﬂation models and show that the spontaneous baryogenesis 
scenario can be naturally implemented in the chaotic inﬂation in supergravity.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
The history of the Universe after the Big Bang Nucleosynthe-
sis epoch is well understood, and it is known as the standard Big 
Bang cosmology. However, it suffers from various initial condition 
problems such as the horizon problem, ﬂatness problem, and the 
origin of density ﬂuctuations. In the inﬂationary paradigm [1–5], 
the exponential expansion of the Universe solves these problems. 
On the other hand, in the standard Big Bang cosmology one needs 
to adopt an initial condition such that the amount of baryon num-
ber is ten orders of magnitude smaller than the entropy density. 
In the inﬂationary Universe, any pre-existing baryon asymmetry 
would be exponentially diluted, and so, the baryon asymmetry 
needs to be created after inﬂation.
The inﬂation must be connected to the subsequent hot Big Bang 
phase. This is naturally realized in the slow-roll inﬂationary sce-
nario [6,7], where the inﬂation is driven by a scalar ﬁeld called 
inﬂaton which slowly rolls down the nearly ﬂat potential. While 
the Universe is dominated by the potential energy of the inﬂaton, 
it experiences an exponential expansion. The inﬂation ends when 
the inﬂaton starts to oscillate around the potential minimum, and 
the potential energy is converted to radiation through the inﬂaton 
decay.
Suppose that the inﬂaton is a part of a complex scalar ﬁeld 
with an approximate U(1) symmetry around the potential mini-
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SCOAP3.mum. This is often the case in supersymmetric (SUSY) theories, 
where each chiral multiplet contains a complex scalar. When the 
inﬂaton starts to oscillate about the potential minimum after in-
ﬂation, it may acquire a non-zero U(1) asymmetry associated with 
the inﬂaton number. (Here the inﬂaton number refers to the CP-
odd component of the excited inﬂaton quanta.) Once produced, 
the inﬂaton number decreases as a−3 due to the expansion of the 
Universe, where a is the scale factor. If there are current–current 
interactions between the inﬂaton number and the B − L symmetry, 
the excited CP-odd inﬂaton quanta induces an effective chemical 
potential of the B −L number. This leads to the spontaneous baryo-
genesis if the B − L number is broken in thermal plasma [8–11], 
because the inﬂaton asymmetry biases the B − L number. As for 
the B − L breaking, one may introduce dimension ﬁve interactions 
for the neutrino mass, motivated by the seesaw mechanism [12]. 
Finally the inﬂaton decays into radiation and reheats the Universe, 
which connects the inﬂation to the hot Big Bang phase.
In this paper, we consider the spontaneous baryogenesis sce-
nario based on the current–current interactions between the in-
ﬂaton and B − L numbers. We evaluate the abundance of baryon 
asymmetry and clarify what conditions are needed to explain the 
observed amount of the baryon asymmetry. We also study explicit 
inﬂation models and show that the scenario can be naturally im-
plemented in the chaotic inﬂation in supergravity. Interestingly, no 
isocurvature perturbations are generated in this case, in contrast 
to the usual spontaneous baryogenesis [13].
The rest of this paper is organized as follows. In the next sec-
tion we will explain our main idea about the spontaneous baryo-
genesis from asymmetric inﬂaton. In Sec. 3 we study concrete  under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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cussion and conclusions.
2. Spontaneous baryogenesis from asymmetric inﬂaton
Suppose that inﬂaton φ is a complex scalar ﬁeld with an ap-
proximate conserved U(1)inf current of
jinfμ = 2 Im
(
φ∂μφ
∗)+ . . . , (1)
where . . . represents the other ﬁelds carrying nonzero inﬂaton 
charges such as the inﬂatino. This is the case in many SUSY in-
ﬂation models because each chiral multiplet contains a complex 
scalar ﬁeld. In a class of inﬂation models, the ﬂatness of the in-
ﬂaton potential is due to the U(1)R symmetry, in which case the 
inﬂaton current is identiﬁed with the U(1)R current. We assume 
that the U(1)inf symmetry is only an approximate symmetry at the 
potential minimum, but it is generically broken explicitly and in 
particular, it is generically spontaneously broken during inﬂation. 
When the inﬂaton starts to oscillate about the potential minimum 
after inﬂation, a nonzero inﬂaton number may be produced if the 
U(1)inf is explicitly broken. The inﬂaton number decreases as a−3
if the breaking term is irrelevant in the vicinity of the potential 
minimum. This is naturally realized in some models as shown in 
the next section. If the inﬂaton current is coupled to the B − L cur-
rent, the CP asymmetric inﬂaton number biases the B − L number. 
Thus, spontaneous baryogenesis takes place if B − L number is ex-
plicitly broken in plasma. Some standard model (SM) particles may 
carry a nonzero inﬂaton charge to realize the reheating. We con-
sider the case that the inﬂaton charge operator commutes with the 
B − L charge so that we focus on baryon asymmetry generated via 
the spontaneous baryogenesis. Otherwise the baryon asymmetry is 
directly generated by inﬂaton dynamics, which is the case out of 
our interest (see, e.g., Refs. [14,15] for that case).
To realize spontaneous baryogenesis, we introduce the follow-
ing current–current interaction:
−L= G˜ F jinfμ jμB−L, (2)
where G˜ F is an effective coupling constant with mass dimension 
minus two.1 Here, jB−L is the B − L current,
jμB−L =
∑
i
qi j
μ
i , (3)
jμi =
{
ψ¯iγ
μψi for fermions,
2 Im
(
ϕi∂
μϕ∗i
)
for bosons,
(4)
where qi is the B − L charge of the ﬁeld i. Such current–current in-
teractions are generically present in supergravity theories as shown 
in Sec. 3.
After inﬂation ends, the coherent oscillations of the inﬂaton 
dominate the energy density of the Universe. The Friedmann equa-
tion implies the following relation:
ninf 
3H2(t)M2Pl
minf
, (5)
 ≡ minfninf
ρinf
, (6)
where MPl ( 2.4 × 1018 GeV) is the reduced Planck mass, minf is 
the inﬂaton mass at the potential minimum, ninf = ( jinf)0 is the 
1 In Ref. [11], a four-Fermi interaction between DM and B − L currents with 
G˜ F ∼ 1/(10 TeV)2 and the associated spontaneous baryogenesis were studied in an 
asymmetric dark matter model.inﬂaton number density and ρinf is the energy density of the in-
ﬂaton. Here we have assumed that the only inﬂaton has a sizable 
U(1)inf asymmetry. We deﬁne  (≤ 1) so that it represents the el-
lipticity of inﬂaton trajectory in its complex plane. As the inﬂaton 
number and energy densities are (nearly) spatially homogeneous, 
the relevant part of the current–current interaction is given by
−L= μB−LnB−L, (7)
μB−L  3G˜ F M2Pl
H2(t)
minf
, (8)
where nB−L = j0B−L is the B − L number density. This means that 
the B − L number has an effective chemical potential μB−L . The 
chemical potential biases the B − L asymmetry in the chemical 
equilibrium as
n(eq)B−L  kμB−L T 2, (9)
k ≡
∑
i
qi
gi
6
, (10)
where the summation is taken for all particles in the thermal bath 
and gi is the number of spin states but with an extra factor of 2 
for bosons. In the SM, the coeﬃcient k is 1/2, while in the MSSM 
it is 1.
In order to generate a non-zero B − L asymmetry, we introduce 
the following B − L violating interaction
L= y
2
2MR
(LH˜)2 + h.c. (11)
for the light neutrino masses, which is obtained after integrating 
out heavy right-handed neutrinos in the seesaw mechanism [12]. 
Here H˜ = iσ2H∗ is the SU(2) conjugate of the SM Higgs dou-
blet H . Throughout this paper we assume that the right-handed 
neutrinos are so heavy that they are not produced from thermal 
scattering, and so, our scenario is complementary to thermal lep-
togenesis [16]. The effective rate of the lepton number violating 
processes via the above interaction is roughly given by [17]

L ∼ σR T 3 ∼ m¯
2T 3
16π v4ew
, (12)
where vew ( 246 GeV) is the Higgs vacuum expectation value 
(VEV) and m¯2 is the sum of the left-handed neutrino mass squared. 
We assume m¯2 to be of order the atmospheric neutrino mass 
squared difference, m2atm  2.4 × 10−3 eV2. (See e.g. Refs. [18,
19] for the latest combined-data ﬁt parameters.) Thus we obtain 
σRM2Pl  8 × 104.
Now let us calculate the baryon asymmetry. Before the reheat-
ing completes, the temperature of the plasma is written as
T 
(
36H(t)
I M2Pl
g∗π2
)1/4
, (13)
where g∗ is the effective relativistic degrees of freedom and equal 
to 106.75 (228.75) in the SM (MSSM). The inﬂaton decay rate 
I
is related to the reheating temperature as
TRH 
(
90
g∗π2
)1/4√

I MPl. (14)
Then the ratio between the reaction rate of the B − L violating 
interaction and the Hubble expansion rate is given by

L  0.1
(
HRH
)1/4( TRH)
M2PlσR , (15)H H(t) MPl
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I ) is the Hubble parameter at the reheating. When 
this ratio is larger than unity, the B − L asymmetry would reach 
the equilibrium value. However, as can be seen from the above 
expression, the ratio is almost always below unity, so that the B −L
number at the time of reheating is estimated by integrating the 
Boltzmann equation:
nB−L |RH 
tRH∫
tinf
dt′
H2RH
H2(t′)

Ln
(eq)
B−L(t
′), (16)
where tRH and tinf represent the cosmic time at the reheating 
and the end of inﬂation, respectively. Since the integrand is pro-
portional to T 5 (i.e., ∝ t−5/4), the baryon abundance is mostly 
generated just after the end of inﬂation. This is in contrast with 
the ordinary scenario of the spontaneous baryogenesis, where the 
baryon abundance is mostly generated at the time of reheating. 
This is because in our case the effective chemical potential de-
creases as ∝ H2(t), which is faster than the ordinary case, and the 
bias effect is most eﬃcient just after the end of inﬂation. Thus we 
can estimate the B − L number at the reheating as
nB−L |RH 
H2RH
H2(t)

L
H(t)
n(eq)B−L(t)
∣∣∣∣∣
t=tinf
. (17)
Combining those results, we obtain the ﬁnal baryon asymmetry as
Yb ≡ nbs 
8n f + 4nH
22n f + 13nH TRH
nB−L
4H2M2Pl
∣∣∣∣∣
RH
(18)
 0.01(M2PlσR)(G˜ F M2Pl)
H(t)1/4T 7/2RH
minfM
11/4
Pl
, (19)
where the pre-factor in the ﬁrst line is due to the sphaleron ef-
fect [20]. In the SM (MSSM), n f = 3 and nH = 1 (2). In the second 
line, we have substituted some parameters, including g∗ , nh , and k, 
and obtain the factor of about 0.01 for the SM and MSSM. The ob-
served baryon abundance of Y (obs)b  8.6 ×10−11 [21] requires that 
the reheating temperature is as large as
TRH  3× 1013 GeV−2/7
(
G˜ F M
2
Pl
)−2/7
×
( minf
1013 GeV
)2/7( H(t)
1013 GeV
)−1/14
. (20)
Lastly let us comment on the washout effect. Around the time 
of reheating, the generated lepton asymmetry is partially washed 
out due to the inverse processes. Calculating the Boltzmann equa-
tion, we obtain a washout factor such as [10]
w  exp
[
−0.7
(
TRH
1013 GeV
)]
. (21)
This implies that the reheating temperature cannot be much larger 
than 1013 GeV to avoid the washout effect due to the inverse pro-
cesses. Taking into account the washout factor, we ﬁnd that the 
resulting baryon asymmetry has a peak around the reheating tem-
perature of 5 × 1013, where the result of Eq. (19) is overestimated 
by a factor of 5. Thus we may assume (G˜ F M2Pl)  5 to explain the 
observed baryon asymmetry.
3. Inﬂation models
In this section, we consider concrete models of inﬂation in su-
pergravity to see if the scenario in the previous section can be re-
alized in realistic inﬂation models. Hereafter, we adopt the Planck 
units (MPl = 1).In supergravity, the Lagrangian is constructed to be invariant 
in terms of supergravity transformation. The relevant part of the 
Lagrangian comes from kinetic terms such as
L= Kij∗∂μϕ i∂μϕ∗ j + iKi j∗ χ¯ jσ¯ μD˜μχ i, (22)
D˜μχ i ≡ ∂μχ i + K im∗ Kkm∗l∂μϕlχk
− 1
4
(
K j∂μϕ
j − K j∗∂μϕ∗ j
)
χ i + . . . , (23)
where scalar and fermionic components of chiral superﬁelds are 
denoted by ϕi and χi , respectively, and K is the Kähler potential, 
K ij
∗ ≡ (Kij∗ )−1, and the subscripts represent derivatives with re-
spect to the corresponding ﬁeld, such as Kij∗ ≡ ∂2K/∂ϕ i∂ϕ∗ j . Note 
that the total Lagrangian is real.
3.1. F-term hybrid inﬂation
Suppose that there is a Kähler potential of
K = |φ|2 + c |φ|2 |χ |2 + |χ |2 , (24)
where the scalar component of φ is inﬂaton and χ is a B − L
charged ﬁeld. Neglecting the fermionic component of φ and de-
noting the scalar and fermionic components of χ as χ˜ and χ , 
respectively, we obtain the desirable interaction term such as
Lint = Im
(
φ∂μφ
∗)[2c Im (χ˜∂μχ˜∗)+(c − 1
2
)
χ¯ σ¯ μχ
]
(25)
where we have assumed c |φ|2 	 1 and have rescaled the ﬁelds χ˜
and χ to make their kinetic term canonical. These interactions are 
nothing but the current–current interaction of the form (2) with 
(G˜ F M2Pl) ≈ c.
The above calculation can be applied to, e.g., the F-term hybrid 
inﬂation model with the superpotential [22,23]
W = λφ
(
ψψ¯ − v
2
2
)
, (26)
where ψ and ψ¯ are waterfall ﬁelds, and φ is the inﬂaton with 
U(1)R charge 2. Note that in this case the inﬂaton current is noth-
ing but the R-current. The U(1)R symmetry is necessarily broken 
by a constant term of the superpotential, W0 m3/2, which is re-
quired for realizing a vanishingly small cosmological constant. As 
a result, the inﬂaton potential receives a linear term potential in 
proportion to the gravitino mass, m3/2, which modiﬁes the inﬂa-
ton dynamics [24,25]. In particular, the angular motion of φ, i.e., 
the inﬂaton number, is induced during inﬂation [25]. The effect 
of the angular motion on the density perturbations was recently 
studied in detail in Ref. [26]. The dynamics of inﬂaton during in-
ﬂation is mainly determined by the Coleman–Weinberg potential 
and the linear term of inﬂaton. The following parameter ξ mea-
sures the relative importance of the two contributions to the slope 
of the potential [26]:
ξ ≡ 2
9/2π2
κ3 ln2
m3/2
v
(≤ 1) . (27)
Thus we obtain the ellipticity parameter of inﬂaton trajectory after 
inﬂation as
  ninf
minfv2
 H inf
minf
ξ, (28)
where the factor of H inf/minf comes from the difference of the 
time scale of inﬂaton dynamics between the eras during and af-
ter inﬂation.
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spectral index can be consistent with the observed value for the 
case of λ  3 × 10−3 and v  4 × 1015 GeV for the ﬁnal phase 
value of order unity [26]. This implies that the mass of inﬂaton 
and the Hubble parameter just after inﬂation are given by
minf = λv  1.2× 1013 GeV, (29)
H inf  λv
2
2
√
3MPl
 5.7× 109 GeV. (30)
From Eq. (20), we ﬁnd that the reheating temperature needs to be 
as high as
6× 1013 GeV−2/7
(
G˜ F M
2
Pl
)−2/7
, (31)
to explain the observed baryon asymmetry. Note that for the above 
parameters the ellipticity parameter  is of order 10−4, so that we 
need G˜ F M2Pl  104 (i.e., c  104) to explain the observed baryon 
asymmetry. In addition, the reheating temperature cannot be as 
high as 1013 GeV in the hybrid inﬂation model. This is because 
couplings between inﬂaton and other particles have to be sup-
pressed by κ (	 1) in order not to affect the inﬂaton potential 
and the nonperturbative enhancement of decay process called pre-
heating is suppressed after inﬂation in the case of the rotating 
inﬂaton [27]. Thus, we conclude that both the ellipticity param-
eter  and the reheating temperature are too small to account for 
the observed baryon abundance in the hybrid inﬂation model.
3.2. Chaotic inﬂation
As another example, let us focus on a chaotic inﬂation model 
proposed in Ref. [28], where the Kähler potential respects a shift 
symmetry of the inﬂaton ﬁeld,
φ → φ + iα, (32)
where α is the transformation parameter. The Kähler potential is 
given by
K = c′(φ + φ∗) + 1
2
(
φ + φ∗)2 + |X |2
+ |χ |2 + c
2
(
φ + φ∗)2 |χ |2 , (33)
where X is a stabilizer ﬁeld. The relevant interactions of the La-
grangian are then given by
Lint = c
′
2
∂μ Im[φ]χ¯ σ¯ μχ
− 2Re[φ]∂μ Im[φ]
[
2c Im
(
χ˜∂μχ˜∗
)+(c − 1
2
)
χ¯ σ¯ μχ
]
,
(34)
where we have rescaled the ﬁelds to obtain the canonical kinetic 
terms. The shift symmetry is assumed to be explicitly broken in 
the superpotential,
W =minfφX, (35)
where the R-charge assignment is R[X] = 2 and R[φ] = 0. When 
the constant c′ is nonzero, the real part of φ has a VEV of order c′
during inﬂation. Thus the inﬂaton starts to rotate in the complex 
plane after inﬂation such as
Re[φ] ≈ c′|φ| sinminft, (36)
Im[φ] ≈ |φ| cosminft. (37)Note here that, in addition to the U(1)R symmetry, the scalar po-
tential has another (approximate) global U(1) symmetry for which 
φ and X have the same magnitude charge but opposite sign. This 
implies that the inﬂaton number is induced after inﬂation:
Re[φ]∂0 Im[φ]  c′minf |φ|2  c′ H
2
minf
. (38)
That is, the ellipticity parameter is given by   c′ , which is ex-
pected to be of order unity, and the effective coupling is given by 
(G˜ F M2Pl) ≈ c.
The mass of inﬂaton is determined by the COBE normalization
such as minf  1013 GeV, which implies that the Hubble parame-
ter just after inﬂation is given by 6 × 1012 GeV. Thus the observed 
baryon asymmetry can be explained when the reheating tempera-
ture is as large as
TRH  3× 1013 GeV
(
G˜ F M
2
Pl
)−2/7
, (39)
where we assume  = 1. Note that (G˜ F M2Pl) (≈ c) is expected to 
be of order unity. To obtain such high reheating temperature, we 
introduce a superpotential of [28]
WRH = yXHuHd, (40)
where Hu and Hd are a pair of Higgs doublets in the MSSM sector. 
This leads to the coupling between the inﬂaton and the Higgs dou-
blets as LRH ∼ yminfφHuHd , leading to the reheating temperature 
given by2
TRH ∼ 1013 GeV
( y
0.1
)( minf
1013 GeV
)1/2
. (41)
Therefore, in the chaotic inﬂation model our scenario of sponta-
neous baryogenesis works naturally and can explain the observed 
baryon abundance without any ﬁne-tunings of the parameters.
4. Discussion and conclusions
In this paper we have proposed a scenario of spontaneous 
baryogenesis from asymmetric inﬂaton via current–current inter-
actions between the inﬂaton and B − L numbers. Such interactions 
are naturally present in supergravity theories. The CP asymmetric 
part of the inﬂaton number induces an effective chemical poten-
tial of B − L number, which biases the B − L asymmetry in the 
equilibrium state. If the B − L number is broken in the plasma, 
a non-zero B − L asymmetry is induced. We have shown that the 
observed baryon abundance can be explained by this mechanism 
when the reheating temperature is as large as 1013 GeV. We have 
also studied concrete inﬂation models in supergravity to see if the 
above mechanism can be implemented, and we have found that 
our mechanism naturally explain the observed baryon abundance 
without ﬁne-tunings in the chaotic inﬂation model.
The quadratic chaotic inﬂation predicts a rather large tensor-
to-scalar ratio r, which is now strongly disfavored by the CMB 
observations [29,30]. The tensor-to-scalar ratio can be easily re-
duced by introducing higher order terms of the inﬂaton, in which 
case the inﬂaton potential is given by a polynomial function [31,
32]. Our spontaneous baryogenesis scenario works similarly in this 
case.
It is known that the spontaneous baryogenesis in the slow-roll 
regime generically leads to sizable isocurvature perturbations [13]. 
2 The coupling constant y should be smaller than of order minfφ ≈ 10−5 so that 
the HuHd VEV does not cancel the F-term of X [32]. This problem can be avoided, 
e.g., when we introduce the higher dimensional superpotential of (HuHd)2 to pre-
vent the HuHd direction from obtaining a large VEV during inﬂation.
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scale inﬂation. In the case of chaotic inﬂation studied in the previ-
ous section, both the real component of φ as well as the stabilizer 
ﬁeld can have a mass of order the Hubble parameter during inﬂa-
tion, and so there is no light degrees of freedom during inﬂation 
other than the inﬂaton. Thus, no isocurvature perturbations are in-
duced.
In general, high reheating temperature TRH ∼ 1013 GeV is re-
quired for successful baryogenesis in our scenario, and graviti-
nos are copiously produced from thermal scattering. On the other 
hand, non-thermal gravitino production can be suppressed at such 
high reheating temperature [33–35]. If the gravitino is lighter than 
of order 100 TeV, its decay destroys light elements, altering their 
abundances in contradiction with observations. If it is heavier than 
100 TeV, it decays before the BBN epoch but the LSPs may be over-
produced. In order to avoid the overproduction of the LSPs, we 
may assume that the R-parity is violated and the LSP decays be-
fore the BBN epoch. In this case, we require another dark matter 
candidate such as axion.
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